tributes is possible. How parasites and their hosts interact is usually determined by observations in the field. The more fundamental processes involved in these interactions are usually investigated in the laboratory. During recent years, technological advances have led to a shifting of interests in research, with greater emphasis on the application of highly specialized procedures in the laboratory. Nonetheless, we still must rely on investigations in the field to complement laboratory investigation. Otherwise, we risk a loss of perspective.
My review considers some historical aspects of parasitology, in part as a reminder of the comparatively early and observational origins of our field of interest, in which natural history played an important methodological role, and in part to point out that some fundamental biological questions recognized and studied by our professional precursors around the middle of the last century still have not been resolved. On the whole, we are probably less competent as biologists, although we compensate to some extent by specialization. This review is intended to promote serious discussion, in consideration of the judgement that basic investigations at the organismic level have not been superseded, but that our knowledge in this area remains regrettably deficient. My remarks here are limited mainly to cestodes, particularly those in the family Taeniidae.
The ability to distinguish, name, and categorize the components of the given ecosystem of which he is a part must be a fundamental attribute of man. As is evident from the orally transmitted knowledge of the few surviving peoples whose cultures are usually termed "primitive," that trait must have been developed by the earliest social units engaged in cooperative efforts to subsist by means of hunting and gathering. One of these peoples is the Nunamiut, an inland group of Iiiupik Eskimos, who 30 years ago were still nomadic hunters. These people knew and designated by name birds of about 100 species (Irving, 1953) , although few were used in any way, and they also had a remarkable knowledge of the more obscure components of the arctic flora and fauna. They recognized bumble bees (igutchaq) and the warble fly of reindeer (igutchachiaq), among other insects. Their awareness of the few parasites that accompanied them on their long-ago dispersal from eastern Asia is evident from their names for the organisms, and by a term for the sensations produced by the ubiquitous pinworm, Enterobius vermicularis.
For a tropical region, by comparison, the classification of mammals by the Aguaruna Jivaro in the Amazonian region of Peru is of interest (Patton et al., 1982).
Our understanding of the knowledge of natural history of earlier peoples is based only on fragmentary records that extend back only a few thousand years. The Ebers Papyri have shown that the ancient Egyptians had a realistic perception of zoological systematics (von Oeffele, 1902) . Their ability as observers is indicated by hieroglyphic inscriptions depicting the complete metamorphosis of frogs. Nor did parasites escape their attention. A veterinary papyrus excavated at Kahun, a city founded during the 12th Dynasty, contained a text on the warble fly of cattle, describing not only the behavior of animals when the eggs were being deposited, but also the resulting subcutaneous larvae (von Oeffele, 1901). Thus, the cycle of Hypoderma bovis was understood by the Egyptians more than 4,000 years ago. But knowledge gained can be knowledge lost. In Europe, it was not until the 17th Century that Francesco Redi conducted his experiment to demonstrate that fly larvae in exposed meat did not arise by means of spontaneous generation.
The acquisition by Europeans of realistic knowledge concerning natural history resumed around the beginning of the 16th Century, after an hiatus of more than 1,000 years from the end of the classical period. An interest in organisms that we designate 'parasites' began to have tangible expression around the end of the 16th Century. Based on the bibliography of cestodes published by Max Braun (1897), one can trace the development of helminthology from its beginning as part of general natural history to its present status as a separate branch of zoology. Commencing with the work of Felix Plater, in 1602, 143 publications concerning cestodes had appeared by the year 1800. An additional 172 were listed for the interval 1800 to 1851.
The year 1850 might be taken to mark the beginning of modem helminthology, for works published around that time by Carl Th. von Siebold, Friedrich Kiichenmeister, Rudolf Leuckart, and several others, remain sources of useful information. An increasing interest in parasitology was manifest in the second half of the 19th Century, as shown by the publication of at least 964 works concerning cestodes from the period 1851 to 1894. During the century up to about 1950, most effort was devoted to taxonomy, elu-cidation of cycles, and descriptive pathology. Thus, many of us have experienced the evolution of our discipline to its contemporary state.
It is the earlier investigative methods in helminthology to which I refer here, without making generalizations about parasites in the broad sense. Organisms of great diversity have been grouped under the subjective designation 'parasite.' Having devised that vague and imprecise category, we now attempt to apply a reductionist approach to justify its validity, and we explain parasitehost interactions by means of a vocabulary including such terms as 'strategy,' 'cost,' and 'reward.' Our loss of objectivity is deplorable. However, I am not concerned here as to whether a given organism can or cannot be called a parasite. Rather, I want to consider some of the problems that seem to have been overlooked in our eagerness (and obligation) to modernize. First, with respect to cestodes, it is evident that some fundamental questions are yet to be resolved in systematics. One example will suffice, that being the diversity of views concerning the discrimination and allocation of genera in the family Taeniidae. Reflecting the medical and veterinary importance of several species, members of this group have been intensively studied, so much so that by contrast, knowledge of other families is very much less, and many of their taxa are known only from original descriptions.
Because of the authoritative nature of major taxonomic works, misconceptions concerning taeniids have tended to be perpetuated; but also, much of the disorder with regard to the relationships of these cestodes can be attributed to differences in the concept of the genus as a taxonomic category. In the family Taeniidae, 2 subfamilies, Taeniinae and Echinococcinae, have been established (Abuladze, 1964 Cestodes of 6 genera exhibit a high degree of morphological uniformity in the strobilar stage, some differing only in details of the scolex. Their larval stages are morphologically rather diverse, but all can be defined as a cysticercus or some modification thereof. Abuladze (1964) and others have utilized both larval and strobilar stages in distinguishing these genera; Verster (1969) considered all to be synonyms of Taenia.
The only taeniid lacking a rostellum is the common tapeworm of man, Taenia saginata Goeze, 1782, of which the larval stage is a cysticercus. For this cestode, the genus Taeniarhynchus Weinland, 1858 is still widely accepted, but the taxonomic significance of the lack of rostellum is much diminished by the observations of Zdafrskaf (1976) and Slais and Machnickfi (1976) that the primordia of a rostellum and hooks appear in the course of development of the cysticercus, and then regress.
The genus Fossor, now Monordotaenia, was established for Taenia taxidiensis Skinker, 1935, which is distinctive in having a single row of rostellar hooks. This cestode, of which the larval stage is a cysticercus, is known to occur only in the North American badger, Taxidea taxus (Schreber), and appears to be a member of a subgroup of species occurring in carnivores of the family Mustelidae. By analogy with T. saginata, primordia of a second row of hooks might be sought in developing cysticerci. The existence of any other taeniid having a single row of hooks has not been confirmed, although additional species of Monordotaenia have been recently named. Since at least 1 of these was based on specimens from which the large hooks had been lost, descriptions of such taeniids should be viewed with doubt unless the presence of a single row of hooks has been confirmed in infective larvae.
Abuladze ( By the present assessment of common attributes, the subfamily Taeniinae would include only 2 genera, Taenia and Insinuarotaenia, which have a number of characteristics in common, and which form a natural group comparable in rank to the genus Echinococcus, in the subfamily Echinococcinae. The alternative to that arrangement would be the recognition of numerous monotypic genera differing only in minor details, an action that would obscure the phylogenetic relationship of the 2 subfamilies.
Obviously, the larval stages, or metacestodes, of members of the Taeniinae have been a major source of the taxonomic confusion. Gradually, the perspective is becoming prevalent that a high degree of morphological uniformity is characteristic of the strobilar stage and the diversity in the larval stage is attributable only to modification that has occurred in the basic form, the cysticercus. Modifications of that fundamental form include the capability, in several species of the genus Taenia as here conceived, of degrees of asexual multiplication, through production of multiple scolices or exogenous budding of vesicles. One of the most complex is exemplified by the ontogenic process involved in the multiplication of the larval T. polyacantha, which has been defined on the basis of recent experimental studies (R. L. Rausch and F. H. Fay, unpubl.). The infective cysticerci of T. polyacantha occur in moderate numbers free in the peritoneal cavity of arvicolid rodents. Following ingestion of the embryophore, the oncosphere localizes in the liver of the intermediate host, where initial development takes place. On about the sixth day postexposure, the early-stage larvae pass from the liver to the peritoneal cavity, a process accompanied by the production of a considerable volume of ascitic fluid. At this time, the individual larva consists of a mass of minute vesicles, which increase in size over a period of a few days, and then become detached. Thereafter, the vesicles develop independently, each producing a single scolex at the pole opposite that by which it was previously attached. When fully developed, the larval cestodes are elongate, with segmented forebodies and much reduced caudal bladders. Although they do not multiply after removal from the initial intermediate host, such larvae are readily maintained by intraperitoneal transfer in rodents. These findings will be described in detail elsewhere.
If the discrimination of the various species and their allocation according to generic relationships present problems for taxonomists, the assessment of subspecific categories is even more difficult, and indeed the recognition of taxa at the infraspecific level has raised some questions of fundamental importance in helminthology. How can we ascertain whether a population is segregated as a distinct geographic or ecological race? In helminthology, infraspecific taxa have been variously designated as subspecies or biological strains, but sibling species may be involved in some cases. One example is the uncertain taxonomic status of nematodes in the The genus Echinococcus is represented by 4 species that are readily distinguished in the larval and strobilar stages by means of standard taxonomic criteria. As compared with Taenia species, these cestodes have very small strobilae, consisting of 2 to 6 segments. Because of the high productivity of protoscolices by asexual multiplication, they are often present in large numbers in the final host. In terms of egg-production, the large populations compensate for the relatively few eggs produced individually. Like species of Taenia, they are perpetuated by well defined predator-prey relationships existing between their respective final and intermediate hosts. In recent years, the question whether or not the nominal species of Echinococcus are reproductively isolated has been seriously considered, leading to confusion and to the expenditure of extensive investigative effort. That controversy serves to emphasize the existence and importance of other inadequacies in our knowledge of the biology of cestodes.
Two species, Echinococcus granulosus (Batsch, 1786) and E. multilocularis Leuckart, 1863, are indigenous in the northern hemisphere. I distinguish 2 forms of E. granulosus: the Northern form, for which deer (Cervidae) serve as intermediate host, and the European form, adapted to synanthropic hosts. The European form must be the most thoroughly studied of all cestodes, but nonetheless, our understanding of its fundamental biological characteristics is decidedly lacking. Particular controversy has arisen concerning the significance of local biological strains, and the mechanisms by which they occur. As do other taeniids, E. granulosus in the strobilar stage exhibits a range of statistically demonstrable but taxonomically insignificant morphological variation. All domestic ungulates appear to be susceptible to infection by the larval stage of the European form of E. granulosus, in which the degree of parasite-host compatibility is reflected in pleomorphism, productivity of protoscolices, and survival-time.
Fundamental to the question of biological strains is the mechanism by which fecundation takes place in cestodes. Among cyclophyllideans, the process of fertilization is not understood, except for the few that are dioecious. Self-fertilization is presumed to occur. Direct observation of specimens removed from the intestine of the final host may be misleading, since the occasional finding of segments in which the cirrus has been inserted into the adjacent vagina is not necessarily evidence of self-fertilization. One may find as well that the cirrus has perforated the wall of the genital atrium, or has been inserted into other tissues of the same or different strobilae. When cestodes are kept in water or physiological saline for a time, they may form an adherent mass as a result of the reciprocal insertion of cirri into any contiguous tissues. In the case of the larger ones, such as Taenia spp., appreciable force is required to pull apart such strobilae. Observations on the insertion of the cirrus by cestodes that have been removed from the host appear to have little value in the interpretation of the process of fertilization. Indirect evidence supports the conclusion that cross-fertilization does indeed occur among cyclophyllidean cestodes, perhaps characteristically. Rausch and Maser (1977) determined that cestodes of the genus Monoecocestus Beddard, 1914 are protogynous, and that the seminal vesicle of a given segment becomes filled with spermatozoa as soon as the vagina is patent. In M. americanus (Stiles, 1895), host-specific in the porcupine, Erethizon dorsatum (L.), that condition was invariable in young strobilae in which the male genital organs had not yet become functional. Such cestodes had been inseminated from other, older strobilae in the same host. It is characteristic of this and other anoplocephaline cestodes that the population in a single host consists of numerous individuals at different stages of development, a mechanism that may ensure cross-fertilization.
Knowledge of ecological and behavioral attributes also supports the concept that cross-fertilization must occur. Among taeniids, the respective species attach within specific areas of the host-intestine, ensuring contact of strobilae. Echinococcus granulosus and E. multilocularis, in naturally and experimentally infected dogs and foxes, sometimes occur in small numbers, not widely spaced apart, but concentrated within a specific area of the jejunum. That distribution is evidently not regulated by adaptation to a specific biotope in the host-intestine. They attach farther anteriorly and posteriorly when greater numbers are present; when infections are massive, involving many thousands of individuals, they are distributed more or less uniformly from the pylorus to the caecum. In suprainfections, established in dogs and foxes, members of 2 cohorts of a single species, or cestodes of both species, were intermingled. We do not know whether individuals of the 2 species of Echinococcus change their location after initial attachment in the intestinal mucosa.
An understanding of these processes is essential for comprehension of genetics and speciation in the cestodes. In Taenia crassiceps, which generates new vesicles by exogenous budding from the bladder-wall, Schiller (1973) determined that cysticerci exhibiting structural anomalies in the scolex multiplied readily in mice and produced normal progeny, from which he concluded that the germinative loci in the bladder-wall of such cysticerci were not genetically homogeneous. That work provides grounds for questioning the assumption that all individuals derived asexually from a single embryo are genetically uniform. In Echinococcus, an unusual phenotypic variation is never observed, nor do specimens exhibit combinations of characters that would make difficult their determination as 1 of the 4 species now distinguished. Individuals from widely separated localities in the northern hemisphere are readily identifiable as either granulosus or multilocularis, and morphological criteria serve equally well to distinguish the 2 neotropical species, E. oligarthrus (Diesing, 1863) and E. vogeli Rausch and Bernstein, 1972. The Northern form of E. granulosus seems to show a high degree of biological uniformity as well. Uniformity in morphological and biological characteristics in the natural population is indicative of an intensity of genetic homeostasis that may be attributable to gene-flow mediated by cross-fertilization.
The greater degree of biological variation in the European form of E. granulosus is evidently associated with synanthropy. Such diversity is not unique to this single species, but it occurs as well in members of the genus Taenia in synanthropic hosts. Under the natural conditions that still exist in the Arctic and the Subarctic, the cycles of Taenia wide, the subsequent appearance of local biological strains does not seem remarkable, and indeed might be the expected consequence of response to selection pressures imposed through practices of animal husbandry. An example of an apparent adaptation in the European form of E. granulosus is based in part on our findings in experimentally infected elk (moose), Alces alces (L.), and reindeer, wherein it was determined that the larval stage of the Northern form of the cestode develops slowly, with production of protoscolices beginning after about 2 years. The larval stage of the European form develops more rapidly in some domestic ungulates. Selection for more rapid development in such animals might be expected, since they usually are slaughtered at a relatively young age. By contrast, animals as old as 7 to 9 years usually make up a significant component of populations of elk and reindeer. In them, the rate of infection by the larval E. granulosus increases with age. Response to selection pressures in synanthropic hosts would seem to be favored by genetic heterogeneity of the cestodes. As natural environments are more and more altered globally, we probably shall be increasingly concerned with synanthropic associations, involving organisms of increasing diversity.
While the phenomenon of synanthropy is a relatively recent one, non-artificial assemblages of host-specific helminths and their mammalian, and other, hosts may be of great age. That comprehension can provide some perspective of the ancient origins of the parasite-host interactions in which we, as a species, also are a part. Research in this area has received little emphasis but is becoming more feasible as knowledge accumulates in such fields as glaciology and palaeontology. Helminths themselves are not well suited to fossilization, and none was mentioned in the review of fossil parasites by Moodie (1923). An exceptional case was the report by Dubinina (1972) of the nematode Strongylus edentatus (Looss, 1900) in a horse from frozen deposits on the upper Indigirka River, for which an age of about 33,000 years B.P. was established. According to Lazarev (1980) Some of these problems are not unresolved perplexities of long standing, but concern relatively new epidemiologic concepts. In this respect, world-wide conditions have been described recently by Heyneman (1984) . I shall further emphasize that globally, the combined effects of increasing human populations, deterioration of human habitat, and growing abuse of our remaining natural areas can be expected to enhance the transmission of pathogenic parasites, bring about new and different problems, and offset some past successes in prevention and control of parasitic diseases. Most of us contemplate with alarm the destruction of forest in the
